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Iatrogenic arterial injury is an uncommon but recognized complication of posterior spinal surgery. The spectrum of
injuries includes vessel perforation leading to hemorrhage, delayed pseudoaneurysm formation, and threatened perfora-
tion by screw impingement on arterial vessels. Repair of these injuries traditionally involved open direct vessel repair or
graft placement, which can be associated with significant morbidity. We identified five patients with iatrogenic arterial
injury during or after posterior spinal surgery between July 2004 and August 2009 and describe their endovascular
treatment. Intraoperative arterial bleeding was encountered in two patients during posterior spinal surgery. The posterior
wounds were packed, temporarily closed, and the patient was placed supine. In both patients, angiography demonstrated
arterial injury necessitating repair. Covered stent grafts were deployed through femoral cutdowns to exclude the areas of
injury. In three additional patients, postoperative computed tomography imaging demonstrated pedicle screws abutting/
penetrating the thoracic or abdominal aorta. Angiography or intravascular ultrasound imaging, or both, confirmed
indention/perforation of the aorta by the screw. Aortic stent graft cuffs were deployed through femoral cutdowns to
cover the area of aortic contact before hardware removal. All five patients did well and were discharged home in good
condition. Endovascular repair of arterial injuries occurring during posterior spinal procedures is feasible and can offer
a safe and less invasive alternative to open repair. ( J Vasc Surg 2012;55:1477-81.)
w
d
t
p
i
r
p
t
t
p
s
d
p
T
t
R
a
c
o
p
t
w
a
s
m
d
i
i
d
pIatrogenic injury to major vascular structures is a rec-
ognized complication of spinal surgery.1,2 The incidence
during posterior instrumentation of the spine occurs in1
of every 2000 operations.3 However, injuries to the aorta
or iliac arteries can carry a mortality as high as 61%.4
Trauma to these vessels can lead to perforation, which
results in immediate hemorrhage and possible hemody-
namic instability, or delayed pseudoaneurysm formation
with a risk for rupture.4-6 Furthermore, screw placement
can impinge on the aorta, leading to a risk of perforation or
pseudoaneurysm formation due to the constant pulsation
of the aorta against the hardware.7,8 Here we describe
endovascular solutions in five patients where posterior spi-
nal surgery led to perforation or impingement of the aorta
or iliac artery.
METHODS
A review of patients undergoing posterior spinal fusion
from August 2004 to July 2009 was performed for those
who required vascular surgical intervention. Five patients
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doi:10.1016/j.jvs.2010.10.064ere identified. In two patients, one underwent lumbar
iscectomy for disc herniation and lateral extracavitary ver-
ebrectomy (posterior approach) and the other required
osterior spinal fusion for metastatic renal cell carcinoma;
ntraoperative perforation of a major vascular structure
equired immediate intervention. In an additional three
atients undergoing posterior spinal fusion for multiple
horacic and lumbar vertebral fractures secondary to
rauma, a lateral extracavitary vertebrectomy (posterior ap-
roach) and posterior spinal fusion for a pathologic fracture
econdary to a bony sarcoma, and posterior spinal fusion
ue to scoliosis, impingement/penetration of the aorta by
edicle screws was identified and required intervention.
he type of spinal surgery, diagnosis, location of the injury,
ype of endovascular repair, and outcomes were reviewed.
ESULTS
Intraoperative complications. In two patients, rapid
rterial bleeding intraoperatively required immediate vas-
ular intervention. In one patient, perforation of the aorta
ccurred during a vertebrectomy at the T11 level. Rapid
ulsatile bleeding was seen, and the patient became hypo-
ensive. The vertebrectomy cavity was tightly packed, the
ound quickly closed, and the patient turned supine. An
ngiogram initiated through a groin puncture demon-
trated injury to the supraceliac aorta. An aortic 32-  36-
m Zenith stent graft cuff (Cook, Indianapolis, Ind) was
eployed just proximal to the celiac artery over the area of
njury (Fig 1) through a femoral artery cutdown, with
mmediate stabilization of the patient (Table). The proce-
ure was completed without incident, and the patient was
rescribed 325 mg of aspirin postoperatively. At follow-up
ut to 1 year, the patient was free of pain and at his
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May 20121478 Loh et alneurologic baseline. A computed tomography (CT) scan at
that time demonstrated an intact repair, with no pseudoan-
eurysm or migration of the aortic cuff.
In the second patient, a large amount of bleeding was
encountered during an L4-L5microdiscectomy. Again, the
wound was packed and the patient turned supine for an
angiogram. The angiogram was initiated through a punc-
ture of the right common femoral artery and demonstrated
extravasation of contrast from the left common iliac artery
(Fig 2). The left common femoral artery was punctured and
a 7F sheath placed. An iCast 10-  38-mm stent graft
(Atrium Medical, Hudson, NH) was deployed across the
area of injury, with resolution of the bleeding (Table; Fig
2). The patient was returned to a prone position and the
procedure was completed. The patient was prescribed 325
mg of aspirin postoperatively. A CT scan at 2 months and
magnetic resonance imaging (MRI) at 4 months demon-
strated an intact repair, with no pseudoaneurysm or migra-
tion of the iliac stent.
Impeding aortic perforation (delayed injury). Im-
aging after the spinal procedure in the remaining three
patients showed hardware screws were abutting, imping-
ing, or penetrating the thoracic aorta. All three patients
complained of pain and received additional imaging (two
CT scans and one MRI). The time interval to development
of symptoms prompting further workup ranged from 4
months to 8 months to 6 years.
The decision in all three patients was to remove the
Fig 1. Stent graft is shown covering the area of the aortic
injury.offending screw. To protect the aorta and prevent hemor- nhage or delayed pseudoaneurysm formation, the segment
f aorta was covered using an aortic stent graft with an
xoskeleton before the hardware was removed. Femoral
rtery cutdowns were performed in all three patients, and
n aortogram demonstrated indentation of the thoracic
orta by the tip of the screw. A representative image is
hown in Fig 3, before and after repair, demonstrating
ndentation of the endograft by the pedicle screw before its
emoval. Intravascular ultrasound (IVUS) imaging was also
sed in one patient to verify indentation by the screw but
o penetration of the aorta (Fig 4).
Stiff wire access was obtained from the contralateral
roin for device deployment. In all three patients, an An-
uRx aortic stent graft cuff (Medtronic, Minneapolis,
inn), with minimal oversizing (24  40 mm, 24  40
m, and 26  40 mm), was deployed across the area of
njury (Table). The incisions were closed, the patient was
ipped, and the offending screw was removed with the
atient prone. All patients tolerated the procedure well,
ithout complications. All patients were prescribed 325
g of aspirin postoperatively.
One patient was evaluated at 3 months after graft
eployment, with chest X-ray images demonstrating no
pparent change in graft position; however, the patient was
ost to follow-up before a CT scan could be performed. A
econd patient was without complaints at 10 weeks after
raft placement and is awaiting a 1-year CT scan. The third
atient was lost to follow-up.
ISCUSSION
Iatrogenic vascular injury during spinal surgery is a rare
ut potentially devastating complication. Most often these
njuries are caused by misplaced hardware. Studies examin-
ng the placement of screws during spinal instrumentation
ave demonstrated up to a 25% incidence of malposition-
ng.9,10 Given the proximity of the aorta or iliac arteries to
he spine, these malpositioned screws have the ability to
erforate or impinge on the aorta. These injuries can pres-
nt as an immediate hemorrhage in the operating room,
equiring emergency intervention. More commonly, how-
ver, they present as a pseudoaneurysm and a possible
elayed hemorrhage, which can present weeks to months
ater.4,7,8,11,12 In addition, the presentation of these pseu-
oaneurysms can be extremely variable and are often
symptomatic, making diagnosis incidental during routine
eimaging.13,14 Chronic irritation of the aortic wall due to
he pulsations of the aorta against a metallic object is felt to
ead to eventual perforation or pseudoaneurysm forma-
ion.11,15 Given that proximity of a screw tip to the aortic
all has been reported in up to 12% of spinal cases, delayed
njury to the aorta represents a real concern.16,17
Repair of such injuries to the aorta traditionally in-
olved a thoracotomy or laparotomy, with direct repair of
he injured segment. Depending on the extent of the
efect, this could be performed with direct repair, patch
ngioplasty, or interposition grafting. However, open sur-
ical repair can carry a morbidity rate up to 50%,7,15amely, from spinal cord ischemia (SCI) caused by cross-
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Volume 55, Number 5 Loh et al 1479clamping of the thoracic aorta and pulmonary failure.
Avoiding the need to proximally cross-clamp the aorta
prevents loss of circulation to the distal spinal cord and
other vital organs. Furthermore, avoiding a thoracotomy
may prevent postoperative pulmonary complications. En-
dovascular stent grafting can offer a minimally invasive
approach with less morbidity.
Despite all of these benefits, the long-term durability of
endovascular stent graft repair is still evolving. Complica-
tions such as endoleaks, which occur in 20% of patients
with endovascular repair for thoracic aortic aneurysms (TE-
VAR), have been described.18 Graft migration has also
been described in fusiform aneurysmal disease and can
necessitate a second future intervention. How this applies
in the setting of an otherwise healthy aorta, as in most of
these patients, has yet to be determined in the long term.
In the setting of repair of injuries secondary to posterior
spinal surgery, a comparison of SCI in endograft repairs vs
open repairs is not possible given the small number of cases.
However, extrapolating from the TEVAR and open tho-
racic aneurysm repair literature, TEVAR has lower rates of
Table. Endovascular repair of arterial injury during spine s
Pt Age Sex Injury
1 88 M Intra-op perforation
2 55 F Intra-op perforation
3 18 M Impingement/penetration
4 21 M Impingement/penetration
5 77 F Impingement/penetration
F, Female; M, male.
aZenith, Cook, Bloomington, Indiana.
biCast, Atrium Medical Corp, Hudson, New Hampshire.
cAneuRx, Medtronic, Minneapolis, Minnesota.
Fig 2. Left common iliac artery injury is shown with (l
extravasation.SCI compared with open repair. Traditionally, open tho- aacic aortic repair has been associated with an SCI rate of up
o 21%,19-22 whereas TEVAR had SCI rates of 3% in the
ore TAG trial23,24 and 2.5% in the European Collabora-
ors on Stent-Graft Techniques for Aortic AneurysmRepair
EUROSTAR) Registry.25
In our patients, no additional techniques were used to
revent SCI other than using the shortest graft possible.
iven the focal nature of the injury and the short amount of
orta coverage, without involvement of the left subclavian
rtery or T12 region (artery of Adamkiewicz), we con-
luded no additional protection was necessary. Also of
mportance is that none of the patients in this series had
ndergone any prior aortic surgery. Patients with extensive
rior aortic coverage or replacement would need to be
valuated on an individual basis for their risk of SCI.
One special situation that would preclude use of an
ortic stent graft is injury to the posterior wall of the aorta
mmediately opposite the origin of the superior mesenteric
rtery and celiac axis. Given current technology, and even if
enestrated grafts were available, the time required for
uccessful deployment would likely preclude use during
ry
Location Graft used (size in mm)
Supraceliac aorta Aortic cuff (32  36)a
Common iliac artery Stent graft (10  38)b
Descending thoracic aorta Aortic cuff (24  40)c
Descending thoracic aorta Aortic cuff (24  40)c
Descending thoracic aorta Aortic cuff (26  40)c
xtravasation and (right) after repair, with resolution ofurgeeft) ective hemorrhage. In this difficult area, open primary
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method. Otherwise, interposition grafting with a long
proximal patch to incorporate the celiac, superior mesen-
teric artery, and right renal with reimplantation of the left
renal, if necessary, would be required.
One patient with delayed aortic perforation secondary
to a pedicle screw and one patient with a misplaced pedicle
screw impinging on the aorta has been reported.15,26 The
case of aortic perforation was at the T4 level and was
repaired with a Valiant 32-  150-mm aortic graft
(Medtronic). In the second case, a Talent 36-  70-mm
aortic endograft (Medtronic) was placed before the offend-
Fig 3. An aortogram demonstrates indentation of the
(left) before and (right) after endograft placement.
Fig 4. Intravascular ultrasound image demonstrates indentation
of the thoracic aorta by a screw.ing screw was removed. tWe used IVUS imaging in one patient to confirm
mpingement on the aorta by the screw. Although CT
maging is excellent at delineating the position of the
edicle screw relative to the aorta, the tip of the screw is
ften obscured by metal artifact. In most of these patients,
ngiography is adequate to determine whether the screw is
erforating, indenting, abutting, or adjacent to the aorta.
owever, when images from both are unclear, IVUS im-
ging may serve as a useful adjunct to visualize the tip of the
crew relative to the vessel wall and guide the decision to
lace an aortic endograft.
In our three patients with impingement of the aorta, an
neuRx cuff (Medtronic) was chosen because of the nitinol
xoskeleton covering the graft fabric. We concluded that
his might help to prevent perforation of the graft fabric by
he screw tip before screw removal. In these instances,
emoval of the screw is probably always necessary to elimi-
ate the possibility of perforation of the endograft fabric
reating a false aneurysm. Furthermore, given that the
rafts were placed in healthy aortas without aneurysmal
egeneration, minimal oversizing was used for the en-
ografts. To be prepared for most of these situations, we
uggest having aortic cuffs (20, 24, 28, and 32 mm),
overed stent grafts for the iliac arteries (6, 8, 10, and 12
m), introducer sheaths (sized from 6F to 14F), wires
starter wire, hydrophilic coated wires, and stiff wires), and
selection of catheters to navigate tortuous anatomy read-
ly available.
ONCLUSIONS
Iatrogenic vascular injury during posterior spinal sur-
ery is a rare but potentially serious complication. Endo-
ascular stent graft placement can offer a safe and less
nvasive alternative to open surgical repair for aortic or iliac
erforation, pseudoaneurysm formation, or impingement.
ndovascular approaches should be considered in the set-
cic aorta and the aortic stent graft by the pedicle screwthoraing of such injuries.
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